The cardiorespiratory responses to exercise and forced hyperventilation were measured in 17 unselected patients with syndrome X (angina, positive exercise test, normal coronary arteriogram, no other cardiovascular disease) and compared with those in 15 healthy subjects. Forced hyperventilation produced hypocapnia and metabolic alkalosis but no chest pain or electrocardiographic change. Patients with syn,drome X showed reduced maximum oxygen consumption with an increased respiratory exchange ratio at peak exercise, confirming that exercise was limited by skeletal muscle perfusion-and thus that the increase in cardiac output with exer-
Most patients with chest pain and normal coronary arteriography have non-cardiac pain that is musculoskeletal or oesophageal in origin.12 A few are thought to have true angina attributable by inference to an impaired coronary dilator response at the microvascular level (syndrome X)34 though in the absence of a directly documented vascular abnormality or known pathogenetic mechanism the existence of this syndrome is not universally accepted. Because of this uncertainty, some have ascribed the symptoms to hyperventilation,57 which would accord with the low end tidal partial pressure of expired carbon dioxide. 7 Hyperventilation has indeed been shown to induce electrocardiographic ST segment depression,8 and alkalosis that is associated with hyperventilation can induce coronary vasoconstriction. 9 To investigate the possible contribution of hyperventilation in these patients, we studied the cardiorespiratory response to exercise and hyperventilation in an unselected group of patients with syndrome X (defined as typical stable effort angina, a positive exercise test, and a normal coronary arteriogram in the absence of other cardiovascular disease).
Patients and methods

PATIENTS
We studied 17 patients (mean age 50 years, range 40-67 years; eight men), all of whom gave an independently confirmed history considered to be typical of effort angina (mean duration 3-9 years) with no Patients with syndrome X, however, showed reduced maximum oxygen consumption, with metabolic acidosis at peak exercise, implying that exercise was limited by perfusion to the exercising skeletal muscle as in heart failure; this is consistent with reported evidence of cardiac dysfunction in syndrome X. 5' 6 Moreover, the ventilatory cost of carbon dioxide clearance was increased in patients with syndrome X, a finding also characteristic of patients with congestive heart failure. 7 18 The increase in carbon dioxide production resulting from the increased work of exercise, the increased respiratory exchange ratio as anaerobic metabolism developed at peak exercise, and the increased ventilation needed to excrete carbon dioxide all contributed to increased ventilation in these patients-or what might be called appropriate hyperventilation because it maintained normal arterial Pco2.
End tidal Pco2 values correlated well with arterial Pco2 values in the group as a whole, as was reported in healthy controls, but the correlation in individuals was poor (except during forced hyperventilation). This is consistent with the increase in physiological deadspace implied by the increased ventilatory cost of carbon dioxide excretion in these patients. '3 Practically, it indicates that measurements of end tidal Pco2 cannot be used as an indicator of arterial Pco2 in individual patients with syndrome X, as was done in earlier studies that suggested that hyperventilation was a common cause of symptoms in patients with "chest pain" and normal coronary arteries.7
We found no evidence of inappropriate hyperventilation in patients with syndrome X, but we did find evidence of appropriate hyperventilation that seemed to result from an increase in physiological deadspace as is typical of other patients with reduced cardiac reserve.
